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ABSTRACT
Regardless of the gold-standard being considered as outdated, it provides valuable signs concern-
ing the development of novel monetary standards, better adjusted to the current macroeconomic
environment. By using a point of view of classical physics, the intent of this work is doing a review
of the concept of monetary standard and show that the energy matrix of an economy together with
a new monetary standard, based on the energy supply capacity, can play an essential role in the
sustainable growth.
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I. Introduction
Concepts and mathematical methods of many sub-fields of physics such as thermodynamics,
statistical mechanics, complex systems, chaos theory and many others, are often imported and
employed in the economic sciences (Schinckus 2013). Supported by a growing number of studies
that take the use of these techniques, this trend has been relatively successful in describing macro
and microeconomics behavior and becoming an important research branch in economics, as pointed
out by (de A.L. Pereira et al. 2017).
The knowledge advances concerning finance and economic dynamics, provided by this branch,
show up able to produce and sediment a significant conceptual change in the understanding of the
economy. Nevertheless, it is natural a self-questioning about how the methods and concepts of
the natural sciences can be to contribute to expanding the knowledge of the observed economic
phenomena, whereas econophysics is still a recent branch and has not been yet completely accepted
(Nature Editorial 2006, 2013), despite the important results reached in several works.
In this context, this work is an attempt to apply the physics concepts to the economic thinking.
Meanwhile, we employ a different approach from the econophysics. Using a critical analysis, we
identify the physical notions linked to the monetary standard and also show the possible conflicts
among the associated physical and economic concepts. Taking the gold-standard as the initial
model and coupled with our analyzes, we also propose a modified form of commodity monetary
standard, now based on energy supply capacity (ESC). Although the gold-standard is an outdated
concept, it provides a secure basis for the development of novel monetary forms, as developed here.
Thus, we encourage the opening of discussion about the consequences of the model adoption by an
economy, mainly on the demand for renewable energy sources.
II. Gold-Standard in a Physical Perspective
The functions of money are, in general, dependents of the attributed value notion. If a currency
has no value, then, cannot be fulfill the monetary function. For reasons that we will not explore here,
money standardization (when employed) has the predicate of the converting money in exchange
for a certain amount of precious metals and accordingly, the substance has an intrinsic monetary
value (Handa 2008).
Note that, from the physical and chemical point of view, the noble metals normally used to
monetary standardization do not have any special characteristics that can distinguish them in
terms of value to other chemical elements listed in the periodic table. Propitious technological
factors are important for obtaining and purification of gold and silver, since that, among rare
metals, they are the most easily obtained. However, the acknowledged value of these metals is
due purely by tradition and psychological questions propagated through the successive generations
(Argyle and Furnham 2013). Thereby, the option by gold is an important and widely accepted
convention.
Regardless of these conventions, we can identify an interrelationship between the concept of
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the gold standard with the physical concept of matter (quantity) and we let’s label it by matter-
standard. However, even in physics, the matter is an abstract concept with timely definitions,
depending on the context under study (classical mechanics, relativity, particle and fields physics,
and others). In this, the monetary standard indicates a capacity to supply the quantity of a specified
type of chemical element, to which is being the holder of the intrinsic monetary value.
The essential physical characteristics, directly associated with the matter standard, are below
listed:
1. Invariance: Refers to the behavior of matter about it is space-time stability. In the matter-
standard, this feature is important because otherwise, it will be difficult to convince people
that a material element has a comparative value if it changes over time or is differ depending
on the position.
2. Abundance: Refers to the available and recoverable quantity of the material in nature. Is
required that must be abundant enough to represent all the circulating money and rare at
the same time to not have trivialized value.
3. Capacity notion: The amount of money represented is directly proportional to the amount
of matter available. Consequently, the matter standard is directly related to a notion of
supply capacity.
4. Comparability: Some physical feature of the material should allow comparisons between
the samples. Is notable that the amount of matter is a comparable feature.
The space position also conveys the notion of security: the matter-standard is present in a
specific place (reserve banks) and thus, it provides a conversion confidence; but does not represent
an intrinsic physical characteristic of the material. The item 4 could be naively interpreted as a
monetary version of the zero law of thermodynamics. Is necessary to emphasize that the notion
of comparability of matter quantity encapsulates the notion of value, attributed by people even to
the base element of matter-standard. Each person may have it is a own version of the zero law
and thus, a thermodynamic analogous will be subject to billions of Maxwell demons (Leff and Rex
2002).
Applying these notions, we conclude that various chemical elements can close with the previous
listing of characteristics to a matter-based standardization, wherefore, even restricted, the list does
not to make the gold element a single class representative. Strictly from the physical point of view,
any monetary form based on matter quantity is equivalent to any other. Perception of value is
human inherently.
III. Non-matter standard - Energy Based Monetary Standard
In this section, we will explore the possible entities and physical concepts that are candidates for
a monetary standard. From the standpoint of classical physics, the known universe may be divided
into four constituents: matter, energy, space and time. We point out that, accordingly the modern
physical conception shows the equivalence among some of these entities, but we are still seeking
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a theory capable of agglutinating all these entities within the same formalism (Hawking 2006).
Situations as this, or even in cases where the use of special or general relativity is necessary, are
relevant to scientific experiments in controlled laboratory environments, astrophysics, high-energy
physics or cosmology (Henriksen 2011). Conversely, they are not significant in the daily markets
and the financial environment.
Moreover, space and time are not susceptible to manipulation by humans in the current tech-
nological context and it is also still quite controversial whether they may be manipulated in some
future (Hawking 1992, 1998; Everett 2004). Consequently, just the energy concept remains to be
explored as a monetary element. Energy is also an abstract entity and cannot be directly observed,
nevertheless, this does not prevent us from analyzing some characteristics that may make it an
interesting candidate to compose a monetary standard and how it may be implemented in practice.
The characteristics of interest in the concrete are listed below:
1. Storable and convertible: The characteristic of the energy of being able to be accumulated
in some volume as potential energy and converted into other forms of energy. These techniques
are largely dominated by the current technological maturity, for example in hydroelectric
power plants.
2. Usable to perform work: The work quoted here is in the physical sense, but it is a more
relevant characteristic in the economic and financial sense, since through it are processed the
goods and services.
3. Conservation: Naturally, it is implied that the system is closed. This characteristic is
a consequence of the invariance of the physics laws by temporal translations, as stated by
(Noether 1918). In open systems, a portion of energy flows out of the system domains1.
Note that these are characteristics of energy and not directly of an energy-based monetary
standard. However, the energy conservation is identified with the invariance characteristic of
matter-standard and storage with the notion of supply capacity, per function analogy. About
to comparability, this function may be accomplished by the ability to perform work, whose com-
parison means may be fulfilled by the existing international standard of measurement. Abundance
is a bit more complex seeing that it depends on the kind of energy used, since it is usually converted
from a repository to a more easily usable form of energy, such as the electric energy converted from
level and flow in a water dam. But the conversion is always done on demand. Thus, all the
characteristics of a matter standard may also be achieved by some energy feature.
Compared to the matter-standard case, both have finite abundance. In addition, depending on
the energy matrix of the economy, the ESC is potentially small regarding the time evolution of
demand. Thus, renewable or long-term power sources may insure the sustainable monetary growth
of the markets. We emphasize that, the common point in both cases, matter and energy, that is
the central physical characteristic that endorses the use as monetary-standard is linked with the
supply capacity. This form of standardization was previously identified in section I by the term
1A more applied description to the Noethers theorem is present in (Sardanashvily 2016).
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“modified commodity standard” because indeed, the standard is based on the intrinsic value of the
supply capacity and not on the intrinsic value of the product itself.
Standard-Capacity equivalence: The monetary consolidation of the ESC may be accomplished
in several ways, but here we propose a simplified one’s, just for the establishing the procedure more
explicit. For example: On the commercial scale, the electric energy is usually measured in kWh
but due the scale of production capacity of a country is substantially higher, we should consider the
GWy (gigawatt-year) or TWy (Terawatt-year) as more appropriate unit and thus, the conversion
to an arbitrary monetary unit in a purely attached system (all-gold like) is given by:
M =
∑
n
cn〈εn〉∆Tn (1)
, where: M is the total represented money in an arbitrary monetary unit [a.m.u.], εn is total energy
supply capacity in [GWy] of nth source, cn is a conversion factor in [a.m.u.] [GWy]
−1. The average
operator 〈·〉
∆T was used to properly account the seasonalities of the energy sources over a suitable
time interval. The time intervals choice is not necessarily the same for all energy sources. It must
depend on the sources peculiarities. Nevertheless, there does not a mandatory presumption in
favor of the equation 1 and so, other versions are possible. See, for example, that the constant cn
is individual for each source and thus, different types can be merged (except that the coefficients
will not have the same dimensional unit). The basis of equation 1 is very simple, it avoids money
held on the banking system and neglect other kinds of hold/source agent. The conceptual clarity
of the standard, on the other hand, is kept intact.
Furthermore, the total abundance (ATotal) can be expressed by:
ATotal =
∑
n
〈εn〉∆Tn (2)
The expressions 1 and 2 show that: for a given m, if cn is time independent and
d
dt
〈εm〉year < 0
then, it is necessary that
∑
s 6=m
cs
d
dt
〈εs〉year > −cm
d
dt
〈εm〉year, to insure monetary growth. In simple
terms, if one or more sources have their supply capabilities reducing over time, then the other
sources need to compensate it. For other versions of equation 1, another growth conditions may be
derived.
Note that ǫn is a problem to be solved by physicists and engineers, and the determination of the
coefficient cn is an issue addressed to economists. The multidisciplinarity of this approach becomes
more manifest.
IV. General Remarks
Nothing has been said about non-standardized currencies (fiat moneys and cryptocurrencies)
because we understand the non-applicability of the concepts explored here. In the specific to bit-
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coin cryptocurrency, the literature reports a significant energy inefficiency, as explored in (Urquhart
2016). But it seems clear that the value assignment from one’s kind of currency to another (stan-
dardized or not) owes to historical robustness reasons. However, assigning an absolute value to
some feature of the matter-based standard element is linked to an abstract concept of supply ca-
pacity. While gold has a millenary attributed and accepted monetary value, fiat moneys are more
recent types and it is unclear an idea of supply capacity assigned to it. The monetary value of
the energy-standard may be attributed in an analogous way from the matter, that is, the money
is printed only on the basis of the installed capacity of production (energy generation or conversion).
Related works: The idea of using energy as a currency is not new. The first mention was
made by (Scott 1933). This text is important, since it presents a vision adjusted to the market
vocabulary. But, the energy is directly treated as currency and this seems not be perfectly ap-
propriate since the capacity characteristic used was implicitly referenced to the ability to perform
work (subject to losses, since the system is not closed). More recently the issue was addressed in
(Sgouridis and Kennedy 2010). This is an interesting work that consists of an energy supply forecast
integrated over a period of time. Such proposal can be seen as a highly elaborate monetary rule
based on energy consumption. In a subsequent work, the same author presents a proposal closer
to a monetary standard as explored here. The difference is that he considers within the system the
productive capacity of the embedded energy as well energy resource potential2 available for future
expansion (Sgouridis, 2014, p.7), that is, energy sources that are not yet operationally available
on the matrix. Both proposals are conceptually different with respect to ESC. Here our concern
is related to the physical and economic background interrelationship thus, in this sense, the works
are complementary ones.
Economic activity and inflation: Other works have shown that the increase in energy con-
sumption is linked to the economic activity growth (Ozturk et al. 2010; Belke et al. 2011). This
tends to increase the investments in energy generation, as already pointed out in (Sgouridis 2014).
It is clearly stated, with these additional considerations along with the growth condition of ESC-
standard, the importance of the energy matrix to sustainable economic growth.
Furthermore, due to the link between the growth of the energy demand and investment in
generation, the emission of money only occur on necessities, impacting on inflationary dynamics.
There seems to be a reverse action mechanism: inflation tends to slow down the economy and
reduce the demand for energy, thus deflating the currency. The inverse also seems true, but the
changes in supply capacity or consumption efficiency are relatively slow. The exact mechanism
of the inflation dynamics in energy supply standardized money may be further studied by expert
researchers.
In addition, another topic that deserves further analysis is the implications of the standard
on the money circulation models, as made in (Pokrovskii et al. 2016; Schinckus et al. 2018) and
(Yakovenko 2016) for the current non-stand money.
2Here one must be careful about the difference of connotation of the term “potential” in the physical context.
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Possible criticisms: Some points of the model may be criticized, mainly on the non-representative-
ness of other riches, since it only uses the ESC as a metric. We should note that a monetary standard
does not need to represent all wealth, but it must have means of representing all the circulating
money, provide a well-established reference and should be useful for other economic measurements.
In this context, the listing of standard characteristics, presented in the section II, may be seen
as “physical criteria set” for a good monetary standard. In addition, the coefficients cn on equation
1 can encapsulate the references to other sources of wealth, not directly associated with the ESC.
One might think that it is enough to build additionals power plants to ensure an artificial
growth. Note that the standard is based on ESC, meanwhile, the product is still being offered in
the conventional market and remains subject to trade rules. An excessive increase in supply would
cause a drop in energy prices and next investments become less attractive. Note also that the
inclusion of new power plants on the matrix involve years or decades of planning and construction
and thus, the system exhibits a high level of self-protection against speculative attacks.
V. Conclusions
In this work, we did not intend to obtain a physical theory or to fit precisely the concepts
and physical definitions with the macroeconomic dynamics or environment of finance. Also did
not mean to explore in-depth the involved physical ideas. But in a simplified way, some physical
characteristics of a monetary standard are identified. We also made a question about the process
of value assigning to the material element of the standard that, analogously to the supply capacity
idea, may be employed to the ESC-standard. Naturally, a change in focus of the conceptual
economic evaluation has significant consequences throughout the economy. Nevertheless, the money
circulation models and the inflation controlling are practical issues that remain open and need
further studies to elucidate. However, it seems clear that the energy supply capacity, as explored
here, is more interesting to a technological society than any millenary valuation conventions based
on a specific kind of matter, and especially regarding the evaluation of long-term economic growth
opportunities.
Given that the ESC-standard is based on a robust physical concept, it can be a possible alterna-
tive to a modern monetary standard sought by Nash (Nash, 2002, p.7). Of course, an energy-based
standard cannot be blindly adopted. There are important political and geopolitical issues to con-
sider, not discussed here. However, it can help to compensate for the shortage of gold and contribute
to the establishment of more stabler currencies and an environment with lower volatility. In other
hand, two factors will imply a significant change in the energy market: the automotive industry
is signaling towards a strong introduction of electric-powered vehicles in the coming decades (IEA
2017a), and the energetic market expansion upon renewable sources (IEA 2017b). This scenario,
coupled with the adoption of a monetary standard based on the energy supply capacity and with a
definitive redemption to renewable energy power sources, may produce a promising environment for
economic growth. It is necessary to be prepared for these further circumstances, even if it involves
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a small change of our current money concept.
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